Background: Little study has investigated the differences between Talatomyces marneffei (T. marneffei) respiratory infection and tuberculosis and the prognostic factors of such infection. This study investigated the characteristics and prognostic factors of T. marneffei infections with respiratory lesions and the causes of misdiagnosis. Methods: Clinical characteristics and prognoses of patients with T. marneffei infections with respiratory system lesion were investigated. T. marneffei diagnosis followed isolation from clinical specimens using standard culture, cytology, and histopathology. Survival curves were estimated by using Kaplan-Meier analysis, with log-rank test to compare differences in survival rates between groups. Univariate and multivariate Cox regression analyses were also performed to assess significant differences in clinical characteristics of overall survival. Results: Of 126 patients diagnosed with T. marneffei infections, 63 (50.0%) had T. marneffei respiratory system infections; 38.1% (24/63) were misdiagnosed as having tuberculosis. Human immunodeficiency virus (HIV) infection, CD4/CD8 < 0.5, percentage of CD4 + T cells <42.8%, and length of time from onset to confirmation of diagnosis >105 days were potential risk factors for poor prognoses. Length of time from onset to confirmation of diagnosis persisted as an independent predictor of all-cause mortality in multivariate analysis (odds ratio: 0.083, 95.0% confidence interval: 0.021-0.326, P < 0.001). However, the size of the lung lesions, dyspnea, thoracalgia, mediastinal lymphadenopathy, and pleural effusion did not significantly predict overall survival. There was no significant difference in prognosis according to the type of treatment. Conclusions: T. marneffei infections involving the respiratory system are common. The critical determinants of prognosis are HIV infection, CD4/CD8, percentage of CD4 + T cells, type of treatment, and the time range from onset to confirmation of diagnosis. Rapid and accurate diagnosis is crucial for improving prognosis.
Introduction
Talaromycosis is a deep fungal infection caused by Talaromyces marneffei (T. marneffei), which is an important endemic fungus in Southeastern Asia. [1, 2] Talaromycosis can involve the skin, respiratory system, digestive system, and reticuloendothelial system, leading to local or disseminated infections. [3, 4] This infection is known to have poor prognoses owing to its high recurrence and mortality rates, particularly in human immunodeficiency virus (HIV)-negative patients. [2] [3] [4] [5] In addition, T. marneffei infections with respiratory system lesions are often misdiagnosed as tuberculosis, and thus, patients receive long-term anti-tuberculosis treatment that in turn leads to refractory pneumonia, systemic spread, fatal complications (e.g., structural damage to the tracheal cartilage, severe tracheostenosis, and tracheal absence), [6] [7] [8] and a high mortality rate. However, the determinants of prognosis in T. marneffei infections with respiratory system lesions remain unknown, and few studies have investigated the reasons why T. marneffei infections with respiratory system lesions are commonly misdiagnosed as tuberculosis.
Previously, since T. marneffei infections were highlighted to involve the skin, involvements of other organs were overlooked. However, in recent animal studies, it was reported that rats become infected by inhaling aerosolized conidia from environmental sources rather than through the fecal-oral or transplacental routes. [5] [6] [7] [8] Therefore, the respiratory system maybe the first system to exhibit significant signs of infection. However, clinical evidences to prove this hypothesis in humans are lacking.
In this study, we aimed to investigate the characteristics and prognostic factors of T. marneffei infections with respiratory system lesions and explore the reasons for its misdiagnosis in subtropical southern China, an endemic area for T. marneffei. We also attempted to obtain clinical evidence that airborne transmission may be among one of the most important modes of transmission for T. marneffei infections.
Methods

Ethical approval
This study was approved by the ethics committee of the First Affiliated Hospital of Guangxi Medical University at 2016 (No. 2016KY-E-044). Informed written consent was obtained from all of the patients in accordance with the Declaration of Helsinki of 1975, as revised in 2000.
Study design
Participant selection
This study retrospectively evaluated data from patients admitted at the First Affiliated Hospital of Guangxi Medical University between January 1, 2003 and January 1, 2015. Consecutive patients with confirmed diagnoses of T. marneffei respiratory system infections involving the upper (pharynx and larynx) and/or lower respiratory tracts (trachea, bronchi, and lungs) were included. We excluded patients diagnosed with T. marneffei infection that did not involve the respiratory system. Patient information, including demographics (sex and age), medical history (present history, comorbidities, and previous therapy), clinical presentation, auxiliary examination results (hematologic tests, serologic tests, immune status, imaging examinations, and pathologic and microbiologic tests), and treatment, were retrieved from medical records and summarized in the analysis. All patients were followed up to January 1, 2015 or the time of death. The outcomes were categorized as (1) effective when a sustained response after effective antifungal treatment was achieved (ie, resolution of talaromycosisrelated symptoms and negative culture results); (2) relapse when a temporary clinical response with a subsequent relapse occurred; or (3) death.
Diagnostic criteria for T. marneffei infections T. marneffei infections were diagnosed following the isolation of T. marneffei from clinical specimens (eg, blood, bone marrow, lymph nodes, sputum, skin scrapings, or bronchoalveolar lavage fluid [BALF]) using standard culture techniques. [1, 2] Alternatively, the infection was diagnosed after T. marneffei identification via light microscopy using cytology and histopathology specimens stained with periodic acid-Schiff or Wright-Giemsa. [7] [8] [9] [10] The yeast form of T. marneffei had a characteristic morphology and a transverse septum. [10] Positive T. marneffei cultures were characterized by dimorphic fungi that grow as a mold at 25°C and as yeast at 37°C. [1] [2] [3] [4] Enrollment criteria for T. marneffei respiratory system infections (1) T. marneffei respiratory system infections were directly diagnosed after T. marneffei was identified in sputum, BALF, and/or clinical samples from the upper or lower respiratory tracts at histopathology, cytology, and/or fungal culture. (2) When patients were diagnosed as T. marneffei infection with an extrapulmonary etiology, the diagnosis of T. marneffei respiratory system infections was based on abnormal chest radiography findings. These findings included new or changing pulmonary infiltrate with at least two of the following findings: fever, dyspnea, thoracalgia, cough, sputum production, leukocytosis, and purulent tracheal secretions. The diagnosis was confirmed after other diseases (eg, other bacterial or fungal pulmonary infections, lung cancer, non-infectious interstitial lung disease, pulmonary edema, pulmonary atelectasis, pulmonary embolism, and pulmonary eosinophil infiltration syndrome) were ruled out, and when improvement after treatment with antifungal agents alone is noted.
Exclusion criteria
Patients diagnosed with T. marneffei infection that did not involve the respiratory system were excluded.
Definition of T. marneffei local respiratory system infection
T. marneffei local respiratory system infections were defined as T. marneffei infection limited to the respiratory system, including the upper (pharynx and larynx) and/or lower respiratory tracts (trachea, bronchi, and lungs).
Definition of disseminated T. marneffei infection involving respiratory system
Disseminated T. marneffei infections were defined as infections involving not only the respiratory system, but also other systems or tissues, such as the skin, lymph nodes, bone, bone marrow, liver, spleen, brain, thoracic cavity, pericardium, and other parts of the reticuloendothelial system.
Testing for the human immunodeficiency virus (HIV)
Patients' sera were tested in duplicate at our hospital and at the Guangxi Center for Prevention and Control using an enzyme-linked immunosorbent assay (Enzymun-Test Anti-HIV 1+2; Boehringer Mannheim GmbH, Diagnostica, Germany) and the particle agglutination test (Serodia-HIV; Fujirebio Inc., Tokyo, Japan). The patients were divided into two groups: HIV-positive and HIV-negative groups.
Statistical analysis
Measurement data of normal distribution were expressed as mean ± standard deviation (SD) and data of nonnormal distribution were expressed as median (interquartile range). The categorical variables were expressed as the number and percentage. The Pearson Chi-squared test or Fisher exact test Chi-squared (x 2 ) analysis was used to analyze the antifungal treatment and outcomes in patients who have T. marneffei infections with respiratory system lesion; the level of statistical significance was set at P < 0.05. Survival curves were estimated using Kaplan-Meier analysis, and differences in survival rates between the two groups were compared using the log-rank test. Univariate analysis was performed to assess significant differences in age, recurrence, underlying diseases except HIV infection, white blood cell, neutrophils, lymphocytes, bilateral lung lesions, pleural effusion, mediastinal lymphadenopathy, dyspnea, thoracalgia, HIV infection, the time range from onset to confirmation of diagnosis, CD4/CD8 ratio, and CD4 + T-cell percentage on overall survival. Significant variables identified in the univariate analysis were evaluated further via multivariate analysis using Cox regression analysis. All statistical analyses were performed using the Statistical Package for the Social Sciences (Windows version 25.0; SPSS Inc., Chicago, IL, USA). Two-tailed tests were used, and a P < 0.05 was considered statistically significant.
Results
Patient characteristics
Of the 126 patients diagnosed with T. marneffei infection during the study period, 63 (50.0%) patients with respiratory system infection were included in the analyses [ Figure 1 ]. Of these, 30 and 33 were positive and negative for HIV, respectively. The infection involved the upper respiratory tract in seven (11.1%) HIV-positive patients. Thirteen (20.6%) patients had local T. marneffei pneumonia, of these, seven were HIV positive, one was undergoing glucocorticoid therapy, and one had diabetes. Of the 46 (73.0%) patients with disseminated T. marneffei infection, 19 were HIV positive, two had b-thalassemia, and two had hyperthyroidism. There were also single cases of diabetes, breast cancer, glucose-6-phosphate dehydrogenase deficiency, subacute thyroiditis, and chronic hepatitis B.
Respiratory system infections due to T. marneffei were observed in both infants and elderly patients. The mean age of patients overall was 39.5 ± 17.6 years (range, 1-72 years). The patients' birthplaces included Guangxi (n = 60), Hunan (n = 1), Guizhou (n = 1), and Shandong (n = 1). All patients were permanently residing in the Guangxi Province of China. Twenty-four (38.1%) patients were misdiagnosed as pulmonary tuberculosis and 5 (7.9%) as bacterial pneumonia. The median time from onset to confirmation of diagnosis was 105 days (range, 11-912 days).
Clinical features and laboratory findings
The common clinical and respiratory symptoms and signs included fever, cough, expectoration, and crackles, followed by thoracalgia, dyspnea, and respiratory failure [ Table 1 ]. White sputum was the most common form of sputum. Yellowish and blood-streaked sputum were also observed, although no hemoptysis was identified. Sore throat, hoarseness, dysphagia, pharyngeal and laryngeal lumps, and/or mucosal ulcerations were the most common upper respiratory tract symptoms.
Mean white blood cell count was 15.9 ± 11.8 (range: 1.4-38.0) Â 10 9 cells/L. Seven patients had white blood cell counts below 3.5 Â 10 9 cells/L (one was HIV negative, six were HIV positive). Other findings were as follows: ; and increased C-reactive protein concentrations and erythrocyte sedimentation rates. Twelve patients exhibited dyspnea and underwent blood gas analysis; the results showed that all 12 patients had type I respiratory failure with hypoxemia.
Endoscopy and high-resolution computed tomography
All the 63 patients underwent chest computed tomography (CT), and exhibited one or more abnormal characteristics in one or both lungs [ Table 2 ]. The most common CT imaging findings were patchy exudates, fibrous cords, pleural effusion, ground glass opacities, and nodular lesions, followed by cavitary lesions, alveolar consolidation, miliary lesions, and tracheobronchial stenosis [ Figure 2 ]. The most common histopathologic findings were lymphocyte infiltration, neutrophil infiltration, and other components of a mixed inflammatory response, fibrosis, microabscess formation, and proliferation of inflammatory granulation tissue in HIV-negative patients. Meanwhile, pathologic non-reactive necrosis was observed in HIVpositive patients. Table 3 ]. Treatment programs were analyzed using Fisher exact test. There was no statistically significant difference in prognosis between different treatments.
Overall survival
We evaluated the capabilities of 15 variables to predict survival [ Table 4 ]. Univariate analysis indicated that age (P = 0.069), underlying diseases except HIV infection, white blood cell, neutrophils, lymphocytes, bilateral lung lesions (P = 0.068), pleural effusion, mediastinal lymphadenopathy, and dyspnea were not significantly associated with overall survival. HIV infection, the time range from Table 4 ]. However, only the time range from onset to confirmation of diagnosis remained a significant independent predictor of all-cause mortality in the multivariate analysis (odds ratio: 0.083, 95% confidence interval: 0.021-0.326, P < 0.001).
Discussion
T. marneffei is an opportunistic fungal pathogen that poses a serious health threat to patients with acquired immunodeficiency syndrome (AIDS), particularly in southeastern Asia and southern China. [1] Previously, HIV infection has been highlighted as a risk factor for T. marneffei infection, and the most common site of involvement is the skin. [11] However, T. marneffei infection involved the respiratory system in 50.0% of patients. Approximately 38.1% of patients were misdiagnosed as tuberculosis and received anti-tuberculosis treatment. These suggest that T. marneffei infection involving the respiratory system is not rare, but it is often overlooked and misdiagnosed as tuberculosis.
Recent studies have reported that the fungus is more frequently observed in bamboo rats' lungs than in other organs (lung specimens ). [6, 7] Our data also showed that T. marneffei was more frequently isolated from the respiratory system (66.7%), particularly in BALF culture and lung and pharyngeal/laryngeal histopathology, than from other tissues, such as the skin, bone marrow, and lymph nodes. This suggests that the respiratory system may be the first and most commonly involved organ. Inhaled aerosolized conidia from environmental sources may be an important mode of transmission for T. marneffei infections.
Regarding overall survival, we found that respiratory conditions including pleural effusion, mediastinal lymphadenopathy, and dyspnea were not significantly associated with overall survival. Moreover, although the size of the lung lesions and age may tend to influence survival, they had no significant association with overall survival. This maybe because of the limited number of cases in this study; in particular, there were few cases of severe pneumonia and large pleural effusion. Underlying diseases, aside HIV infection, may have minimal association with overall survival in the current study because only four patients (two with diabetes, one undergoing glucocorticoid therapy, and one with breast cancer) with underlying disease leading to immune compromise, were included in this study. However, the time from onset to confirmation of diagnosis, HIV infection, CD4/CD8 ratio, and CD4 + T-cell percentage were significantly associated with overall survival. This shows that HIV infections may be more closely associated with T. marneffei infections than other diseases. [12] Thus, comorbidities affecting the function and number of CD4 + T-cell may have a more pronounced effect on prognosis than other conditions that do not. However, only the time from onset to confirmation of diagnosis remained a significant independent predictor of all-cause mortality and an independent risk factor of all-cause mortality in the multivariate analysis (odds ratio: 0.083, 95% confidence interval: 0.021-0.326, P < 0.001). In the present study, the median time from onset to confirmation of diagnosis was 105 days, and the longest diagnosis time was 912 days, which shows that the diagnosis of T. marneffei infections is usually delayed. The infection was commonly misdiagnosed as tuberculosis, and patients received long-term anti-tuberculosis treatment. This may have caused the delayed diagnosis and emphasizes the importance of rapid and accurate diagnosis to improve prognosis.
T. marneffei infection involving the respiratory system is often overlooked and misdiagnosed as tuberculosis owing to the following probable reasons. First, relevant literature and research on T. marneffei infection with respiratory system lesions is limited. Secondly, T. marneffei infection has been strongly emphasized as a common opportunistic infection of patients with AIDS, involving the skin. Thirdly, the signs and symptoms (fever, cough, expectoration, and crackles), lung imaging findings (catchy exudates, fibrous cords, pleural effusion, ground-glass opacities, and nodular lesions, followed by cavitary lesions, alveolar consolidation, miliary lesions, and tracheobronchial stenosis), and endoscopy results (inflammatory changes, tracheobronchial stenosis, and nodules or masses in the tracheal wall), pathologic examination findings (lymphocyte infiltration, microabscess and granuloma formation, and non-reactive necrosis) are similar to those of tuberculosis. In addition, the absence of etiologic evidence during the early stages of the disease makes diagnosis challenging. Moreover, although endoscopy can provide accurate diagnosis as it can be used to obtain lung specimens for histopathology, cytology, and fungal culture, it is an unattractive procedure for patients.
Differential diagnosis from other bacterial and fungal pneumoniae, such as tuberculosis, Aspergillus species, Histoplasma capsulatum, and Cryptococcus neoformans, is also crucial.
In this study, we found that T. marneffei respiratory system infection often disseminated to other systems including the lymph nodes, skin, thoracic cavity, spleen, liver, bone, and bone marrow. Thus, clinicians should consider T. marneffei respiratory system infection when treating an unusual clinical dissemination or frequent recurrence of infection in patients with symptoms, and with lung imaging, endoscopy, and pathologic findings similar to those of tuberculosis. When treating patients who lack the primary basis for tuberculosis and who show poor response to anti-tuberculosis treatment, clinicians should also consider T. marneffei respiratory system infection.
Respiratory system specimens are useful for establishing the etiologic basis. The use of endoscopy to obtain lung specimens for histopathology, cytology, and fungal culture should be emphasized as the most important modality for diagnosis. In addition, other modalities such as polymerase chain reaction (18S ribosomal DNA, MP1 gene, ITS1, and ITS4 DNA), enzyme-linked immunosorbent assay (Mp1p, MAb 4D1, 8B11 and 8C3, and MAb 8C3 for the detection of T. marneffei antigen), and G test/ GM test allow for rapid diagnosis of T. marneffei, and may reduce the time to diagnosis and improve the outcomes (including the reduction in infection-associated mortality). [12] [13] [14] Furthermore, next-generation sequencing (NGS) can be combined with other modalities for rapid diagnosis of T. marneffei. NGS of infection provides a new perspective in the clinical approach to systemic fungi infections and has strong potential for providing rapid etiologic diagnosis. [15, 16] Timely and effective treatment is essential. T. marneffei is highly susceptible to antifungal treatment, and the current recommended treatment for talaromycosis in HIV-positive patients is amphotericin B (0.6 mg/kg daily for 2 weeks), followed by oral itraconazole (200 mg twice daily for 10 weeks). [1, 2] In this study, the relapse rate was 14.3%, and the mortality rate was 26.9%. Most patients were effectively treated using intravenous amphotericin B and itraconazole (76.5%) or intravenous fluconazole (80.0%). Itraconazole, voriconazole, and caspofungin were also effective. Surprisingly, there was no statistically significant difference in the prognosis between the treatment modalities. This finding was consistent with those of previous in vitro research in Guangxi that reported no antagonistic effect in any of the antifungal combinations assayed for T. marneffei, including amphotericin B, itraconazole, micafungin, voriconazole. [16, 17] A retrospective study in Guangxi and a prospective study in Vietnam also showed that itraconazole and voriconazole are effective and welltolerated in disseminated T. marneffei infection. [1, 17] However, individualized treatment and susceptibility testing should always be considered for an accurate treatment plan.
There are some limitations in our study. First, the number of cases was limited; thus large, multi-center research is needed for further understanding of the pathogenesis of T. marneffei infection. Secondly, various adjuvant therapies were given to the patients; as such, we could not evaluate the optimal antifungal therapy for the infection. Despite these limitations, our results still offer valuable clinical information regarding patients with T. marneffei infection involving the respiratory system.
In conclusion, T. marneffei infections involving the respiratory system are common. HIV infection, CD4/ CD8, percentage of CD4 + T, type of treatment, and the time from onset to confirmation of diagnosis are the major prognostic factors. The time from onset to confirmation of diagnosis is an independent risk factor of all-cause mortality. T. marneffei infections is commonly misdiagnosed as tuberculosis, and thus clinicians should consider T. marneffei infections in those with tuberculosis symptoms and with clinical findings, but have no tuberculosis etiology and do not respond to anti-tuberculosis treatment. Rapid and accurate diagnosis is crucial for improving prognosis.
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